An investigation of the chemical changes that take place in tobacco during curing is in progress at the Kentucky Agricultural Experiment Station. Attempts are being made to determine what the normal changes are and how they are influenced by such variables as temperature and relative humidity, which have been shown to influence the final quality of tobacco. A study of this type adds to the knowledge of leaf metabolism during starvation and drying. Knowledge of the chemistry of curing may lead to methods of producing high quality tobacco which have not been found empirically.
Introduction
An investigation of the chemical changes that take place in tobacco during curing is in progress at the Kentucky Agricultural Experiment Station. Attempts are being made to determine what the normal changes are and how they are influenced by such variables as temperature and relative humidity, which have been shown to influence the final quality of tobacco. A study of this type adds to the knowledge of leaf metabolism during starvation and drying. Knowledge of the chemistry of curing may lead to methods of producing high quality tobacco which have not been found empirically.
This paper reports the results of experiments on the changes that occur in certain water-soluble, nitrogenous constituents of the tobacco leaf during curing and of the effect of relative humidity upon these changes in chemical composition. Relative humidity was used as the variable rather than temperature because the work of JEFFREY (3) showed that differences in relative humidity cause larger differences in quality of the tobacco than do differences in temperature, within the limits encountered in practical Burley tobacco curing.
Chemical investigations of the tobacco plant have been made in many regions where tobacco is an important cash crop but very little of this work has dealt with the chemistry of curing. The most complete studies of the chemical changes that occur during the curing of tobacco were made by VICKERY (10, 13) and his associates at the Connecticut Agricultural Experiment Station. Primed leaves of a Connecticut shade-grown variety of cigar tobacco were cured in a curing shed and analyses were made of the leaves at different stages of curing. The analyses included insoluble nitrogen, several fractions of the soluble nitrogen, ash, carbohydrates, and ether extract.
In 1914 GARNER (2) , of the Bureau of Plant Industry, reported on some chemical studies of tobacco curing. Both primed and stalk-cured leaves of several Connecticut cigar varieties were analyzed before and after curing. Analyses included several carbohydrate fractions, several organic acid fractions, several soluble nitrogen fractions, ash, and protein nitrogen. Ash and dry matter were expressed as grams per 100 leaves. The other analyses were expressed as percentage of dry weight.
ing results. Some investigators have expressed their findings as weight of component in a given number of leaves. Because of the great variation in size of Burley tobacco leaves, even if taken from the same stalk position, it would be necessary to take a very large sample to make the sampling error negligible. Since it was planned to cure the tobacco in curing chambers under controlled conditions, such large samples could not be used.
VICKERY et al. (10, 13) working with primed tobacco expressed their results as weight of a component per unit weight of the fresh leaves. Their method could not be used in this study because the tobacco leaves were cured on the stalk. Some investigators have expressed their data as weight of a component per unit area of the fresh leaf. This method is the one used in the present paper as it is possible to estimate the area of tobacco leaves while they are still attached to the stalk.
Methods

DETERMINATION OF LEAF AREA
The length and width of each of the four largest undamaged leaves on each plant were measured to the nearest centimeter before the plants were cut and a tag was attached to each leaf indicating its dimensions. Just before the plants were cut for the curing chambers, the leaves to be used in determining the regression equation relating the product of the length and the width to the area were cut from the plants and the midribs removed. Different methods of determining the relationship between these dimensions and the leaf area were used in the two years in which the study was conducted. In 1939 the lamina (leaf minus midrib) was weighed and plugs of known area were removed by means of a cork borer and weighed. The area of the leaf was calculated by multiplying the weight of the leaf by the ratio of area to weight of the plugs. The When the samples were taken, the tagged leaves were examined and those damaged in housing were not included in the sample. After the tagged leaves were removed, the rest of the stick of tobacco was returned to the chamber in order to change the conditions surrounding the next sample as little as possible. The midrib was removed from the leaves of the sample and the web was dried as rapidly as possible in a current of air at 670 C. The dried leaves were weighed, ground, and stored in waxed paper frictiontop cartons. Moisture determinations were made and the dry matter per square meter of fresh leaf was calculated. LINK (5) found that in plants dried at 650 C. the only significant alteration of the nitrogenous constituents was a decrease in the amount of soluble nitrogen due to coagulation. None of the substances determined in this study are coagulated by heat. LINK did not determine ammonia. or amide nitrogen in his study of the effect of drying.
Harvesting and sampling of the 1940 crop followed the same plan; only the points of difference will be given. On September 3, .~~~~-.. GARNER (2) observed a larger decrease in total nitrogen in stalk-cured leaves than in primed leaves but he obtained evidence of loss of total nitrogen even in primed leaves; he attributed this to volatilization of ammonia. The additional decrease in total nitrogen in the case of stalk-cured leaves was attributed to translocation.
VICKERY (10) reported a decrease in total nitrogeni in primed leaves of 15 per cent. This loss occurred before the leaves had all become brown.
In a later investigationi (13) In 1940 the asparagine nitrogen increased to over eight times its initial value in about four days and then remained constant except for the 86 per cent. relative humidity sample. These statements do not imply that there was no further production of asparagine after the third or fourth day, but that the rate of destruction equaled the rate of production if it did continue. In the 86 per cent. relative humidity sample, the destruction of asparagine apparently continiued after the production had ceased, resultincg in a value about as low as the initial value.
GLUTAMINE NITROGEN.-The method for the determination of glutamine is rather inaccurate as only small amounts are present and it is calculated by difference between two determinations neither of which was consistently duplicated within much less than 6 per cent. In 1939, the amount of glutamine nitrogen approximately doubled in the first three days of curing and then held approximately constant until about two weeks from the start of curing, after which it gradually decreased to about the initial value. The result obtained for the sample cured at 70 per cent. relative humidity for 473 hours (19.7 days) cannot be explained except as an experimental error.
In 1940, the glutamine, like the asparagine and to a lesser degree some of the other nitrogenous constituents, reached higher values than in 1939. The glutamine accumulated to over four times the original value and twice the maximum of 1939 in about four days and then gradually fell to about the same value as in 1939 except in the very low humidity sample. If the high final value on this sample is significant, it may be because this sample became very dry while the high glutamine content still existed, inhibiting further chemical change. 2 The values found for amide content of leaf web were much more variable during the later stages of curing than in the early stages; it does not seem likely that analytical'errors are altogether responsible.
VICKERY (10) found that the total amide nitrogen of the hot-water extract of whole tobacco leaves increased from 0.04 gm. per 1000 gm. of fresh leaf to about 0.4 gm. during curing. Later (13), he found that the total amide nitrogen increased from 0.2 gm. per 1000 gm. of fresh leaf to about 1.0 gm. during the same stages of curing.
There are two views concerning the formation of amides in plants. The It is evident that the loss of ash occurred by translocation. Although it cannot be assumed that'the movements of 'inorganic salts and soluble nitrogen compounds would necessarily be the same, the total nitrogen content of. the leaves fell by about 40 per cent. while the ash content was falling about 12 per cent.; consequently, it seems possible that some of the nitrogen was losf by volatilization.
After the amide concentration had ceased to rise at about the fourth day, the ammonia continued to rise until about the eighth or tenth day. About this time all significant changes ceased except in the sample which underwent "house-burn." This sample lost additional nitrogen in all soluble forms which were determined, including nicotine. By the end of the curing period, this tobacco was dark colored, had the characteristic odor of "houseburn" known to all tobacco men, and had fungus colonies on it. It is possible that microorganisms may have used the soluble nitrogen compounds in the synthesis of insoluble compounds or undetermined soluble compounds. There 3. A rapid increase occurred during the early stages of curing in all forms of soluble nitrogen determined except nicotine.
4. The asparagine, glutamine, and ammonia nitrogen remained high except in leaves cured at very high relative humidity (86 per cent.).
5. The amino acid nitrogen determined by subtracting the amino nitrogen of the amides from the total amino nitrogen decreased from its maximum to below its original concentration. Some of this amino acid nitrogen was used in amide synthesis, some was translocated and some may have been volatilized. 6 . The nicotine content remained practically constant throughout the cure except in the "houseburned" sample, indicating that nicotine does not enter actively into the normal metabolism of the curing process.
7. The leaves cured at 86 per cent. relative humidity lost most of their soluble nitrogen during the later stages of curing. This loss is probably due in part to the action of the enzymes of the plant and in part to the action of microorganisms growing on the leaves.
8. Except for the sample cured at 86 per cent. relative humidity, there is no evidence of change in composition after the leaf has burned brown. This indicates that changes due to plant enzymes and microorganisms are both nearly stopped as soon as the tissue has become dry.
